A ligand free, Palladium nanoparticles catalyzed synthesis of pyran derivatives using C-H activated compound, malononitrile and aryl aldehyde via Knoevenagel condensation followed by Michael addition reaction using Palladium nanoparticles as catalyst in one-pot is described herein. The advantages of this method lie in its simplicity, low catalyst loading, cost effectiveness and easy to handle. The Palladium Nanoparticles can be reused without loss of activity even after recycling four times. The palladium nanoparticles were characterized by powder X-ray diffraction (XRD), transmission electron microscopy (TEM). The present method also allows us to synthesize highly functionalized title compounds from simple and readily available inputs.
Introduction
Pyran derivatives are of considerable interest in industry as well as in academia owing to their promising biological activity such as anticoagulant, anticancer, diuretic, spasmolytic and anti-anaphylactin agents. [1] Furthermore, recent studies have revealed several medicinal applications such as, for the treatment of alzheimer's disease, Huntington's disease, amyoprophic lateral sclerosis, Parkinson's diseases, AIDS associated dementia and Down's syndrome as well as for the treatment of schizophrenia and myoclonus. [2, 3] These heterocycles are also used as cosmetics, pigments and biodegradable agrochemicals and photoactive materials. [4, 5] A considerable effort has been made for the synthesis of pyran annulated heterocyclic derivatives due to their wide applications. Recently, a few methods have been reported by using various catalyst e.g: β-cyclodextrin, [6] TEBA, [7] N-methylmorphine, [8] Et 3 N, [9] I 2 , [10] organocatalyst, [11] DBU, [12] KF/basic Al 2 O 3, [13] ionic liquid, [14] NaBr. [15] Although most of these processes offer distinct advantages, but at the same time they suffer from certain drawbacks also such as longer reaction time, unsatisfactory yields, high costs, harsh reaction conditions, use of stoichiometric amounts of catalyst as well as environmentally toxic catalysts. Thus the development of simple, highly efficient methodologies remains desired.
As a part of our interest in this area, we initiated an investigation to explore the potential of metal nanoparticles for C-C bond formation. The use of palladium nanoparticles has recently received considerable attention in the synthesis of various important heterocycles. [16, 17] These metal nanoparticles exhibit size-induced quantumsize effects (i.e., electron confinement and surface effect) and can be exploited for a number of advanced functional applications such as sensors, electronics and catalysis, [18] In general, the catalytic property of metal nanoparticles are a function of their size, crystal lattice parameters. The development of new catalysts in nanorange has emerged as a fertile field for research and innovation. The ability of nanotechnology to enhance catalytic activity opens the potential to replace expensive catalysts with lower amounts of inexpensive nanocatalysts.
Our literature survey at this stage revealed that, there are no reports yet available on the synthesis of pyrans derivatives in one-pot catalyzed by Pd nanoparticles. In the present work, we report here a novel, ligand-free protocol for synthesis of pyran derivatives catalyzed by palladium(0) nanoparticles.
Experimental

Apparatus
General. Melting points were determined in open capillaries and are uncorrected. IR spectra were recorded on Spectrum BX FT-IR, Perkin Elmer (υ max in cm -1 ) on KBr disks.
Avance II-400 spectrometer in CDCl 3 (chemical shifts in δ with TMS as internal standard). Mass spectra were recorded on Waters ZQ-4000. Transmission electron microscope (TEM) was recorded on JEOL JSM 100CX. XRD was recorded on Bruker D8 XRD instrument SWAX. CHN were recorded on CHN-OS analyzer (Per-kin Elmer 2400, Series II). Silica gel G (E-mark, India) was used for TLC. Hexane refers to the fraction boiling between 60˚C and 80˚C.
Synthesis of Pyran Derivatives (6a-k, 7a-e and 8a-i)
A mixture of aryl aldehyde (1 mmol), malononitrile (1 mmol) and activated C-H (3, 4 and 5) (1 mmol) was taken in r.b to that palladium chloride (0.04 mmol), tetrabutylammonim bromide (1 mmol) and sodium carbonate (3 mmol) in acetonitrile (15 mL) was refluxed for the time mention in Table 1 . After completion of the reaction monitored by TLC the reaction mixture was cooled, filtered and the solvent was removed under reduced pressure. The residue was extracted ethyl acetate (3 × 10 mL) and the combined organic extract was washed with water (3 × 10 mL), brine (10 mL) and dried over anhydrous Na 2 SO 4 . After removing the solvent the crude product was purified by column chromatography over silica gel (60 -120 mesh) using hexane-ethyl acetate (7:3) mixture as eluent to afford the pure products (6a-k, 7a-e and 8a-i). 
Result and Discussion
As a part of our ongoing interest in the synthesis of biologically relevant heterocyclic compound, [19, 20] we had the opportunity to further explore its catalytic activity toward the synthesis of pyran derivatives. Recently it has been proved that Pd (0) nanoparticles as catalyst offer great opportunities for a wide range of application in organic synthesis such as Heck reaction, Suzuki-Miyaura coupling, hydrogenation of olefins and Hiyama crosscoupling. [21] [22] [23] [24] To optimize the reaction conditions for the synthesis of pyran derivatives (Scheme 1), condensation of dimedone (1 mmol), benzaldehyde (1 mmol) and malononitrile (1 mmol) in presence of palladium nanoparticles in acetonitrile under refluxing condition was selected as a model reaction and it furnished a white solid product 6a in 87% yield. After the completion of the reaction monitored by TLC, the reaction mixture was brought to room temperature, cooled, filtered extracted with ethyl acetate, washed with brine and dried over Na 2 SO 4. The crude mass was purified by column chromatography. Structure of compound 6a was determined by the analysis of analytical and spectral data. The presence of a singlet at δ 4.33 and broad singlet at δ 4.47 in 1 H NMR and picks at 3428, 3321, 2196 cm -1 and 1659 cm -1 in IR spectra clearly indicate the formation of 6a.
The Pd (0) nanoparticles were generated in situ by the reduction of PdCl 2 in presence of tetra butyl ammonium bromide (TBAB) and sodium carbonate (Na 2 CO 3 ) in acetonitrile under refluxing condition. We assume that, Pd 2+ was reduced to zero-valent state due to the transfer of two electron from Br -ion of TBAB. [25] [26] [27] The transmission electron microscopy (TEM) (Figure 1 ) micrograph showed that palladium nanoparticles with an average ranging from of 30 -40 nm. X-ray diffraction (XRD) of palladium nanoparticles are shown in (Figure 2) .
Furthermore, in transition-metal-catalyzed reactions, ligands play a significant role. Numerous phosphine and nonphosphine ligands for palladium are described in the literature for cross-coupling reactions. Several of these ligands are air and moisture sensitive, difficult to prepare, and expensive. Thus, catalysis by a ligand-free metal center is an area of high importance. [28, 29] The catalytic system based on metal nanoparticles appears to be a promising area because of the high surface to volume ratio of such particles.
A plausible mechanism for the reaction was depicted in Scheme 2. Pd Nanoparticles increase the electrophilicity of carbonyl carbon of C-H activated compounds as well as aryl aldehydes. First aryl aldehydes and malononitrile formed Knoevenagel product 3. Methine carbon of 3 is activated by nanoparticles and it react with C-H activated compound in a Michael fashion, giving intermediate 5.
Intermediate 5 undergoes intramolecular cyclization followed by tautomerization furnished pyran derivatives 7.
With these encouraging results, we turn to explore the scope of the present protocol with other C-H activated compounds such as 4-hydroxy coumarin or pyrazolone using aryl aldehydes and malononitrile under similar reaction condition (Scheme 1). The components underwent successful condensation to give corresponding pyran derivatives in good to excellent yields. The results are summarized in Table 1 . From Table 1 , it is evident that aromatic aldehydes containing either electron donating or electron withdrawing substituent provided good to excellent yields. Domino Knoevenagel condensation/Michael addition of dimedone, benzaldehyde and malononitrile using Pd (0) nanoparticles was investigated with various solvents, including water (H 2 O), dichloromethane (DCM), and tetrahydrofuran (THF). Significant improvement was achieved in THF and DCM ( Table 2 , entries 1 and 2) but the best result was observed when we used acetonitrile was used as a reaction medium (Table 2, entry 5).
We also evaluated the amount of catalyst required for the reaction and we found that yields were obviously affectted by the amount of catalyst loading. We have verified the concentration of catalyst from 0.01 to 0.06 mmol. The result revealed that best yield was obtained by using 0.04 mmol catalyst. With increase the catalyst concentration the yield of the desire product was found to be constant. We also carried out the reaction without any catalyst, but the product was isolated in poor yield (16%), and starting material was recovered. Therefore, the catalyst plays a crucial role in the success of the reaction in term of yields of the product. The results obtained are summarized in Table 3 .
For practical application of heterogeneous system, recovery and reusability of the catalyst are very important factors. To clarify this issue, we established a set of experiment using recycled catalyst. The reactions were carried out under similar conditions. After completion of the first set of reaction to afford the corresponding product in 87% yield. The catalyst was recovered by centrifugation of the reaction mixture at 4000 rpm at room temperature for 3 -5 min and filtered, washed and dried. A new reaction was then performed with fresh solvent and reactants under the same condition. To our satisfaction, palladium catalyst could be used at least four times without any noticeable change in activity (Figure 3 ).
Conclusion
In conclusion, we have demonstrated a new and efficient methodology for the preparation of pyran derivatives in one-pot procedure using simple and readily available starting materials. Prominent among the advantages of this new method are novelty, low catalyst loading (0.04 mmol), operational simplicity, environmental friendlyness, good yields and reusability of the catalyst. 
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